Covert orienting of visuospalial attention in response to peripherally presented cues was assessed in healthy younger and older adults and those with dementia of the Alzheimer type (DAT) during a simple detection task. The results yield both an age-related increase (Experiments 1 and 2) and a DAT-related increase (Experiment 2) in the facilitatory effect of a single peripheral cue on detection. By contrast, equivalent inhibition of return (i.e., a slowing of target detection at previously cued locations) was observed for all 3 groups when a 2nd cue was presented at central fixation. Results suggest that both healthy older adults and individuals with DAT experience changes in the posterior attention system thought to subserve visuospatial attention. Results also suggest limitations on the generality of inhibitory deficits in healthy aging and DAT.
One important function of visuospatial attention is to orient attention to a particular location in the visual field in response to the appearance of an object (e.g., Posner, 1980) . The visuospatial attention system can be thought of as a filter, enhancing detection of stimuli at locations that are currently attended (e.g., Bashinski & Bacharach, 1980; Hawkins et al., 1990; Muller & Findlay, 1988) and inhibiting detection of stimuli at locations that were previously attended (i.e., inhibition of return; e.g., Posner & Cohen, 1984; Posner, Rafal, Choate, & Vaughan, 1985) . Although a number of studies have examined age-related changes in aspects of selective attention such as selection for action (e.g., Spieler, Balota, & Faust, 1996) , susceptibility to distracting information from to-be-ignored locations, sensory modalities (e.g., Hartley, 1993; McDowd, OseasKreger, & Filion, 1995) , or visual search (e.g., Plude & Doussard-Roosevelt, 1989 ), a much smaller number of studies have examined visuospatial orienting in healthy Mark E. Faust and David A. Balota, Department of Psychology, Washington University.
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Correspondence concerning this article should be addressed to Mark E. Faust, who is now at the Department of Psychology, University of South Alabama, Life Sciences Building, Room 320, Mobile, older adults (see Hartley, 1992 , for a recent review). Furthermore, few researchers have used experimental tasks to examine dementia of the Alzheimer type (DAT)-related changes in selective attention in general, and fewer still have specifically examined visuospatial orienting (see Nebes, 1992, and , for recent reviews).
In this article we explore automatic covert orienting of visuospatial attention in healthy older adults and individuals with DAT. In two experiments, we measured cuing effects to assess how well the appearance of a peripheral stimulus would capture visuospatial attention and to assess the strength of bias against reorienting attention to a location that had just been attended to (i.e., inhibition of return). Assessment of the bias against reorienting attention in healthy older adults and DAT individuals will provide important tests of hypotheses regarding a relative preservation of the posterior attention system underlying visuospatial attention and a generalized breakdown in inhibitory mechanisms in these populations.
Automatic Covert Orienting of Visuospatial Attention
Although visuospatial attention and gaze are typically oriented toward the same location (e.g., Abrams & Dobkin, 1994; Remington, 1980) , visuospatial attention can be oriented covertly in the absence of overt eye movements (e.g., Posner, 1980; Posner, Nissen, & Ogden, 1978) . In fact, numerous studies have shown that when participants are asked to keep gaze constant, relatively automatic and involuntary covert shifts of visuospatial attention are induced by a luminance increment (i.e., an exogenous cue) in the periphery (e.g., Jonides, 1981; Jonides & Yantis, 1988; Muller & Findlay, 1988; Muller & Rabbitt, 1989) . Under these conditions, participants typically are faster to detect a target that appears at an exogenously cued location than when it appears at an uncued location (e.g., Eriksen & Hoffman, 1973; Eriksen & Yeh, 1985; Jonides, 1981; Posner, 1980) . Furthermore, studies of younger adults have shown that the advantage of cued locations over uncued 13 This document is copyrighted by the American Psychological Association or one of its allied publishers.
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locations appears quickly (typically within 100 ms) and decreases over time with somewhat longer cue-target onset asynchronies in the 300-to 500-ms range (e.g., Maylor, 1985; Mflller & Findlay, 1988; Milller & Rabbitt, 1989; Posner & Cohen, 1984) . This peripheral cuing effect is an indication of the ability to automatically orient visuospatial attention to a location.
Inhibition of Return
Covert orienting of attention in response to peripheral visual cues does not always result in faster detection of targets at cued locations. For example, when enough time is allowed to elapse before presentation of the target (e.g., Maylor, 1985; Posner & Cohen, 1984) , or a second cue is presented in a new location (e.g., Posner et al., 1985; Rafal, Calabresi, Brennon, & Sciolto, 1989) , detection of targets is typically slowed for targets presented in originally cued locations. This decrement in the ability to detect targets at a previously covertly attended location has been thought to reflect a bias in the visuospatial attention system to not return attention to previously attended locations and, accordingly, has been termed inhibition of return (e.g., Abrams & Dobkin, 1994; Berlucchi, Tassinari, Marzi, & Di Stefano, 1989; Maylor & Hockey, 1987; Posner & Cohen, 1984) .
As noted earlier, inhibition of return has been observed after intrinsic and extrinsic orientation of attention away from an originally cued peripheral location. Inhibition of return observed after long cue-target intervals, in the absence of any intervening stimuli, presumably is attributable to a spontaneous, intrinsically generated orienting of attention back to central fixation (e.g., Abrams & Dobkin, 1994; Maylor, 1985; Posner & Cohen, 1984; Remington, 1980) . By contrast, inhibition of return after a second exogenous cue presumably is attributable to attention being reflexively drawn away from the originally cued peripheral location (e.g., Posner et al., 1985; Rafal et al., 1989) . In either case, the peripheral location becomes a previously attended location after a reorientation of attention back to fixation, and inhibition of return then is observed.
Neural Systems and Visuospatial Attention
Recent evidence indicates that a posterior attention system (see Posner & Petersen, 1990 , for a review) associated with the parietal cortex, thalamus, and superior colliculus is associated with orienting of visuospatial attention. For example, lesions of the thalamus result in deficits in focusing or engaging attention (Rafal & Posner, 1987) ; lesions of the posterior parietal lobe result in deficits in disengaging attention (Posner, Walker, Friedrich, & Rafal, 1984) ; and lesions of the superior colliculus and surrounding midbrain areas result in deficits in shifting of attention (Posner, Cohen, & Rafal, 1982; Posner et al., 1985) . Moreover, inhibition of return also has been associated with the posterior attention system, specifically with midbrain structures (e.g., the superior colliculus, basal ganglia, and substantia nigra) associated with generating saccades, and the tectopulvinar visual pathway that projects from the retina to the superior colliculus, pulvinar, and parietal cortex (e.g., Clohessy, Posner, Rothbart, & Vecera, 1991; Posner et al., 1985; Rafal et al., 1989; Rafal, Henik, & Smith, 1991) .
Visuospatial Attention in Healthy Aging
Several studies have shown age-related differences in the ability to localize targets under conditions of distraction during visual search (e.g., Plude & Doussard-Roosevelt, 1989; Plude & Hoyer, 1986) and in aspects of controlled orienting of attention using central symbolic cues such as rightward or leftward pointing arrows (e.g., Hartley, Kieley, & Slabach, 1990; Hoyer & Familiant, 1987; Madden, 1983; Nissen & Corkin, 1985) . Interestingly, however, reflexive orienting in response to peripheral cues has been found to be relatively well preserved in healthy older adults (e.g., Hartley, 1993; Hartley & Kieley, 1995 , Experiments 1 and 2; Hartley et al., 1990, Experiment 3; Robinson & Kertzman, 1990) , except when visual processing of distractors is required (e.g., Madden, 1990 Madden, , 1992 Madden, Connelly, & Pierce, 1994) .
The results of studies of inhibition of return in healthy older adults are somewhat less clear. Connelly and Hasher (1993, Experiment 1) found an inhibition of return effect in younger adults. They also found that healthy older adults were actually faster to respond when a target repeated its location across successive displays, an effect in opposition to inhibition of return. Note that there were no explicit task demands in their study requiring participants to return attention to the central location. Therefore, if the older adults typically did not choose to reorient to the central fixation between displays, they would be expected to show a facilitation when the target repeated locations (i.e., repetition priming; Pratt, 1996) . More recently, Hartley and Kieley (1995, Experiments 1 and 2) reported equivalent inhibition of return effects in younger and older adults using a more traditional double-cue paradigm in which attention was drawn explicitly back to central fixation by a second cue.
The fact that healthy older adults produce similar peripheral cue effects and similar inhibition of return effects has led to the view that the posterior attention system thought to underlie visuospatial attention is relatively well preserved in healthy aging (e.g., Hartley, 1993) . By contrast, the breakdowns in inhibitory mechanisms associated with selection for action and the anterior attention system (e.g., prefrontal cortex, thalamus, and anterior cingulate cortex; Corbetta, Miezin, Shulman, & Petersen, 1993; Pardo, Pardo, Janer, & Raichle, 1990) seem to be more pronounced (e.g., Dempster, 1992; Hartley, 1993; Spieler et al., 1996) . However, given the few studies examining automatic covert orienting in healthy older adults, as well as the conflicting results of Connelly and Hasher (1993) and Hartley and Kieley (1995) , further exploration of automatic covert orienting in healthy older adults seems warranted.
Visuospatial Attention in DAT
It is more difficult to assess the current state of knowledge of visuospatial attention in DAT (see Parasuraman & Haxby, This document is copyrighted by the American Psychological Association or one of its allied publishers.
1993, for a recent review). There is growing literature documenting fairly large deficits in aspects of selective attention thought to be mediated by an anterior attention system (e.g., Fletcher & Sharpe, 1986; Lezak, 1995; Spieler et al., 1996) . However, as might be predicted from the finding of parietal lobe degeneration early on in DAT (e.g., Haxby et al., 1986) , there do seem to be DAT-related changes in visuospatial attention. Three studies have reported that DAT individuals produced larger cue effects than healthy older adults when centrally presented arrows (i.e., controlled orienting of attention) were used (Nissen, Corkin, & Growdon, 1981; Oken, Kishiyama, Kaye, & Howieson, 1994; Parasuraman, Greenwood, Haxby, & Grady, 1992; cf. Freed, Corkin, Growdon, & Nissen, 1989) . However, we could find only one study in the literature that examined peripheral cuing in DAT. Parasuraman et al. found increased peripheral cue effects (i.e., reflexive orienting of attention) in DAT individuals, but only when participants performed a letter discrimination task, not when they performed a simple detection task. Therefore, the available evidence supports the conclusion that individuals with DAT suffer from a breakdown in automatic orienting of visuospatial attention under some conditions. Such evidence also supports the suggestion that DAT-related changes in visuospatial attention may not be as great as those reported for other aspects of selective attention (e.g., Spieler et al., 1996) . However, it is difficult to directly compare deficits across tasks. Nevertheless, because there are no published reports of inhibition of return in DAT, to our knowledge, an examination of inhibition of return in DAT would provide important converging evidence regarding the relative preservation of the posterior attention system in DAT. Ducheck, 1995 Ducheck, ,1996 Spieler et al., 1996; Sullivan, Faust, & Balota, 1995) , word reading and rhyme decisions (e.g., Balota & Duchek, 1991; Balota & Ferraro, 1993 ,1996 , and sentence comprehension (e.g., Faust, Balota, Duchek, Gernsbacher, & Smith, in press) have provided evidence consistent with the notion that individuals with DAT suffer from breakdowns in inhibitory processes above and beyond those produced by healthy aging. For the most part, these studies have concentrated on relatively high-level inhibitory processes that presumably are responsible for deactivating potentially distracting task-irrelevant information. It is unclear whether these inhibitory breakdowns will be as apparent for tasks associated with the posterior visuospatial attention system, where inhibitory mechanisms should be tied more to the selective filtering of information for further processing.
Inhibition of Return and Visual Search
Finally, an examination of inhibition of return in healthy older adults and DAT individuals also may provide an important preliminary step toward a better understanding of impaired visual search in these populations (e.g., Madden & Plude, 1993; Panicker, Greenwood, Parasuraman, & Haxby, 1993; Plude & Doussard-Roosevelt, 1989; Plude & Hoyer, 1986) . However, even though inhibition of return is generally thought to reflect a bias against attending to a previously attended location under conditions of exogenous peripheral cues (Posner & Cohen, 1984; Rafal et al., 1989) , it is unclear how inhibition of return is involved in more global visuospatial functioning such as visual search (e.g., Klein, 1988 Klein, , 1989 Tipper, 1992; Tipper, Driver, & Weaver, 1991; Tipper, Weaver, Jerreat, & Burak, 1994; Wolfe & Pokorny, 1990 ).
Inhibition of Return and Inhibitory Function
In addition to providing converging evidence about the relative preservation of the (posterior) visuospatial attention system in healthy older adults and DAT individuals with DAT, we designed our experiments to examine issues regarding inhibitory changes in healthy aging and DAT. The phenomenon of inhibition of return is relevant to recent proposals that normal aging, and DAT, is marked by decrements in inhibitory processes. Hasher and Zacks (1988; Zacks & Hasher, 1994) proposed that normal aging results in declines in inhibitory cognitive processes. There are many demonstrations of inhibitory breakdowns in normal aging across a wide range of experimental paradigms (e.g., Duchek, Balota, Faust, & Ferraro, 1995; Hamm & Hasher, 1992; Hartman & Hasher, 1991; Hasher, Stoltzfus, Zacks, & Rypma, 1991; McDowd et al., 1995; Spieler et al., 1996; Zacks & Hasher, 1994) .
The results of a growing number of studies have suggested that breakdowns in inhibitory processing also may play an important role in cognitive changes that occur during the early stages of DAT. Studies of intrusion and perservative errors (e.g., Butters, Granholm, Salmon, Grant, & Wolfe, 1987; Fuld, Katzman, Davies, & Terry, 1982; Loewenstein et al., 1991) , selective attention (e.g., Faust, Balota, & 
Summary
The results of studies assessing automatic visuospatial orienting in healthy older adults (e.g., Greenwood et al., 1993; Hartley, 1993; Hartley et al., 1990, Experiment 3; Robinson & Kertzman, 1990) , suggest that die posterior attention system responsible for reflexive covert orienting of visuospatial attention is relatively well preserved in healthy aging, at least relative to other aspects of selective attention thought to depend more on an anterior attention system (e.g., Dempster, 1992; Hartley, 1993; Spieler et al., 1996) . Although there is some evidence for breakdowns in the posterior attention system in DAT (e.g., , breakdowns in other aspects of selective attention that depend on an anterior attention system appear to be more impaired in individuals with DAT (e.g., Fletcher & Sharpe, 1986; Spieler et al., 1996) .
Turning to the phenomenon of inhibition of return, although the results of the most extensive study to date suggest little in the way of age-related changes in inhibition of return (Hartley & Kieley, 1995) , there is some inconsistency in the literature regarding the possibility of age-related differences in inhibition of return effects in healthy older adults (e.g., Connelly & Hasher, 1993) , and there are no published studies of inhibition of return in DAT. Age-or This document is copyrighted by the American Psychological Association or one of its allied publishers.
DAT-related changes in inhibition of return would suggest that proposals of relative preservation of visuospatial attention in these groups would need to be reevaluated. Furthermore, it has been proposed that healthy older adults (e.g., Hasher & Zacks, 1988; McDowd et al., 1995; Zacks & Hasher, 1994) and individuals with DAT might suffer from a generalized breakdown in inhibitory function (e.g., Balota & Ferraro, 1993 , 1996 Faust et al., in press ). An examination of inhibition of return in healthy aging and DAT will provide a test of the boundary conditions of this hypothesis. We therefore examined the timecourse of cue validity and inhibition of return effects following a peripheral cue in younger adults, healthy older adults, and individuals with DAT both in the absence (i.e., intrinsic reorienting; Experiment 1) and the presence (i.e., extrinsic reorienting; Experiment 2) of a second exogenous cue.
Experiment 1
Experiment 1 was designed to address peripheral cuing effects in a simple detection task for healthy older adults and individuals with DAT (e.g., Greenwood et al., 1993; Parasuraman et al., 1992) and, more important, to examine the decline of peripheral cuing effects over time and the possible emergence of inhibition of return effects in these groups following intrinsic reorientation of attention. To do this, we used a variant of a task developed by Posner and colleagues (Posner, 1980; Posner & Cohen, 1984; Posner et al., 1978) .
Participants fixed their gaze on a central location and detected the appearance of targets in one of two peripherally located boxes following a brightening of the outline of one of the boxes. On most trials the target appeared in the cued location (i.e., the valid condition), and on the remaining trials the target appeared in the box on the contralateral side (i.e., the invalid condition). Also included as a control condition were trials in which both peripheral locations were cued.
To assess the time course of peripheral cuing effects, we varied the interval between the onset of the cue and the onset of the target (stimulus onset asynchrony [SOA]), with 40% of the trials having a 100-ms SOA and 40% having an 800-ms SOA. The final 20% of the trials had a 1,500-ms SOA, which acted as de facto catch trials (i.e., trials without a target) for the shorter SOA conditions. At the short (100-ms) SOA, the cue was expected to facilitate target detection (Posner, 1980) . To the extent that participants spontaneously reoriented attention back to central fixation at the long (800-ms) SOA, cue validity effects should decrease and inhibition of return effects should emerge.
Method Participants
Thirty-five individuals with DAT and 51 healthy older adults were recruited from the Washington University Medical School Alzheimer's Disease Research Center (ADRC). An additional 25 younger adults (aged 25 years or less) were recruited from the Washington University community and were paid $10 for their effort. Healthy older adults and individuals with DAT were seen by a physician and were screened for the neurological, psychiatric, and medical disorders that could cause dementia. The inclusionary and exclusionary criteria for a diagnosis of DAT have been described in detail elsewhere (e.g., Morris, McKeel, Fulling, Torack, & Berg, 1988) and conformed to those outlined in the criteria of the work group of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (McKhann et al., 1984) . Diagnostic accuracy for Alzheimer's disease has been reported to be high (e.g., 96%; Alzheimer's disease was confirmed in 102 of 106 consecutive autopsies in individuals with DAT; Berg & Morris, 1994) when these criteria were used.
Dementia severity for each individual with DAT recruited from the ADRC was staged according to the Washington University Clinical Dementia Rating (CDR) scale (Hughes, Berg, Danziger, Coben, & Martin, 1982; Morris, 1993) . According to this scale, a score of 0 indicates no cognitive impairment, a score of 0.5 indicates questionable or very mild dementia, a score of 1 indicates mild dementia, and a score of 2 indicates moderate dementia. At the ADRC, a CDR 0.5 rating has been found to accurately indicate the earliest stages of DAT (Morris et al., 1991) .
Data from 2 individuals with DAT were removed because more than 15% of their responses were slower than the 2,000-ms cutoff set for this experiment (see the description of outlier screening procedures in the Results section). Furthermore, there was one anomalous individual in the DAT group whose cue validity effect was more than 4 SDs from the overall mean in the negative direction (i.e., this participant was markedly slower on valid than invalid trials). Freed et al. (1989) also found similar anomalous responders among individuals with mild DAT using a similar task and argued for a subtype of attentional breakdown in DAT. Because we could only identify one such individual, we chose to drop this anomalous responder from the analyses.
The DAT group consisted of 18 individuals with very mild DAT and 14 with mild DAT. The results from 25 younger adults, 51 healthy older adults, and 32 individuals with DAT were retained for analysis. The young group had a mean age of 21.2 years (SD = 2.6, range -18-25), the healthy old group had a mean age of 76.7 years (SD = 8.6, range = 61-90), and the DAT group had a mean age of 72.4 years (SD = 7.3, range = 54-95).
Psychometric Test Performance
Eighty-one of the 83 participants recruited from the ADRC whose response latency data met inclusionary criteria also participated in a 2-hr battery of psychometric tests designed to assess psychological functions, including language, memory, and intelligence. Table 1 shows the results of a subset of the tasks included in this battery as a function of group (i.e., healthy old or DAT). Because some participants did not finish some of the tasks, the sample size varied somewhat across tasks. Memory was assessed with the Wechsler Memory Scale (WMS; Wechsler & Stone, 1973) Associates subscale (paired-associates learning) and the Logical Memory subscale (surface-level story memory). General intelligence was measured with the Information and Digit Symbol subtests of the Wechsler Adult Intelligence Scale (WAIS; Wechsler, 1955) . Participants also received the Word Fluency test, on which they were required to name as many words beginning with a specified letter (P or S) in a 60-s time period (Thurstone & Thurstone, 1949) . Participants also completed the Boston Naming Test (Kaplan, Goodglass, & Weintrauh, 1983) . As shown in Table  1 , the performance of the participants with DAT was poorer than that of the healthy old group on all tests. Because the young participants were recruited from another source, they were not given the psychometric battery. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Materials and Design
All stimuli were presented by an IBM AT-compatible computer fitted with a VGA graphics card on a standard VGA monitor in 640 X 350 pixel mode. Participants viewed displays at an approximate distance of 75 cm. The basic display consisted of two white boxes (1.75 cm on each side, or 1.3° of visual angle) on a dark background, centered vertically on the monitor, and presented 8.25 cm (6.25°) to the right and left of center. A central fixation cross (1 cm or 0.75°) also was presented. The peripheral boxes and central fixation cross were always visible. Cues were presented by tripling the width of the lines forming one of the boxes. The target was a highly visible red asterisk (0.75 cm or 0.6°) centered in one of the boxes, and it remained visible until a response was made. The displays were similar to those of Posner and Cohen (1984) , but with two important modifications: Posner and Cohen (1984) included a central box instead of the central cross used in Experiment 1, and we allowed the peripheral cues (i.e., the brightening of the peripheral boxes) to remain visible until response onset or the 3,000-ms display limit.
The cue-target SOA was either 100 ms (40%), 800 ms (40%), or 1,500 ms (20%). As noted earlier, the 1,500-ms SOA trials were designed to act as de facto catch trials (Posner, 1980; Posner & Cohen, 1984) . Because their purpose was to reduce anticipatory responses by the participants, we did not analyze them. Figure 1 depicts the succession of events in the conditions of Experiment 1.
There were six cue-target combinations: (a) valid right, both the cue and the target were on the right (30%); (b) valid left, both the cue and the target were on the left (30%); (c) invalid right, the cue was on the left and the target was on the right (10%); (d) invalid left, the cue was on the right and the target was on the left (10%); (e) both right, the cues were simultaneously on both sides and the target was on the right (10%); and (f) both left, the cues were simultaneously on both sides and the target was on the left (10%). Thus, the cue validity, based only on the valid and invalid cue trials, was 75%. The both-cue trials were included as a neutral control on which to base a cost-benefit analysis (Posner, 1980 (Posner, , 1982 cf. Jonides& Mack, 1984) . There were seven blocks of 50 trials each, 120 trials at each of the experimental (i.e., 100-and 800-ms) SOAs and 60 trials at the 1,500-ms SOA, which acted as de facto catch trials for the shorter SOAs. The first block was viewed as practice and was therefore not analyzed. There were 12 experimental observations for both the invalid and neutral conditions in each of the four within-subjects cells that were produced by fully crossing target position (i.e., right or left) and SOA (i.e., 100 or 800 ms). There also were 36 valid-cue experimental observations for each of the four within-subjects cells produced by fully crossing target position and SOA.
Procedure
The task was explained verbally to participants. Participants sat approximately % m from the computer monitor and pressed the left mouse button with the index finger of their right hand on detection of the target (red asterisk) while keeping their gaze fixated on the central fixation cross. Eye movements were monitored by the experimenter via a magnifying cosmetic mirror mounted on top of the monitor. Trials on which visible eye movements were detected were removed from the response latency analysis. There was a short break between each block of 50 trials. Each block contained all conditions in their proper proportions randomly intermixed. Overall task time was approximately 35-40 min. This task was part of a 2-hr battery.
The basic display containing the central fixation cross and the two peripheral boxes was visible throughout a block of trials. Each trial began with the onset of a cue display (cues remained visible throughout the trial). The target appeared in one of the boxes either 100 ms, 800 ms, or 1,500 ms after the onset of the cue display and remained until a response was made or 3,000 ms elapsed, whichever came first. Although targets remained visible for 3,000 ms, the predetermined cutoff for responses was 2,000 ms, and all responses greater than 2,000 ms (i.e., the timeout criterion) were removed from further consideration in analyses of response latency. Following a response, the screen then was returned to the basic display for a 1,200-ms intertrial interval. If participants responded before the onset of the target or within 100 ms following the onset of the target (i.e., an early response), or after 3,000 ms following the onset of the target (i.e., a timeout), an error message was presented on the screen for an additional 700 ms just before the intertrial interval.
Results
Response latencies for trials on which an early response, a timeout, or a visible eye movement occurred were removed from further consideration (see the Procedure section). We This document is copyrighted by the American Psychological Association or one of its allied publishers.
then computed an overall mean and standard deviation for each participant and removed any responses more deviant than 2.5 SDs from the mean. The removal of early and timeout responses resulted in removal of 4.3%, 4.9%, and 6.4% of the experimental trials for the young, healthy old, and DAT groups, respectively. Using the remaining correct responses, we calculated the median for each participant in each experimental condition and submitted these values to further statistical analyses.
General Analysis of Response Latencies
The mean and standard deviation of participants' median response latencies for the experimental trials are presented in Table 2 , There was an overall main effect of group, F(2, 105) = 24.72, p < .001. The young group (Af = 369 ms) was faster overall than the healthy old group (M = 479 ms), F(l, 74) = 43.07, p < .001, which in turn was marginally faster than the DAT group (M = 517 ms), F(l, 81) = 3.53, p = .064. The long SOA condition yielded faster latencies than the short SOAcondition, F(l, 105) = 153.57,p< .001. Responses to targets presented in the left box (M = 471 ms) were slower than when targets were presented in the right box (M = 459 ms), F(l, 105) = 12.45, p = .001. Furthermore, response latencies decreased across SOAs more for targets presented in the right box (51 ms) than for those presented in the left box (42 ms), F(l, 105) = 5.25, p = .024. Target position interacted marginally with group, F(2, 105) = 2.69, p = .073, with the DAT group (Af = 17 ms), F(l, 50) = 14.07, p < .001, and the healthy old group (Af = 11 ms), F(l, 31) = 2.15, p = .153, detecting targets faster in the right box than the left. By contrast, the young group exhibited little lateral asymmetry (M = -1 ms), F(l, 24) = 0.28, p -.599. Given that the overall target position effect was a small one (M =11 ms) and did not interact with any combination of variables containing the cue validity variable (all Fs < 1.2), we collapsed across the variable of target position in the analyses of cue effects that follow.
Cue Validity Effects
Costs and benefits.
Both costs (i.e., the slowing of detection in the invalid vs. the neutral conditions), F(l, 105) = 30.17, p < .001, and benefits (i.e., the facilitation of detection in the valid vs. the neutral conditions), F(l, 105) = 22.20, p < .001, decreased with SOA. There were significant overall costs (M = 27 ms), F(l, 105) = 40.47,p < .001, and significant overall benefits (Af = 20 ms), F(l, 105) = 49.41, p < .001, at the 100-ms SOA, but no costs or benefits at the 800-ms (Afs = 0 and 3-ms SOA, respectively; all Fs < 1). More important, there were no interactions of costs or benefits with group at the 100-ms SOA (all Fs < 1.97, ps > .19). Thus, there were relatively equivalent costs and benefits at the 100-ms SOA that did not vary significantly across groups. We therefore turn to an analysis of overall cue validity effects (i.e., costs plus benefits), avoiding the potential problems associated with interpreting neutral conditions in cued attention tasks (e.g., Jonides & Mack, 1984) .
Overall cue validity effects (costs plus benefits). Figure  2 shows response latency as a function of group (i.e., young, healthy old, and DAT), cue validity (i.e., valid vs. invalid), and cue-target SOA (i.e., 100 or 800 ms). Valid trials were faster than invalid trials, F(l, 105) = 54.28, p < .001. Cue validity interacted with group, F(2, 105) = 4.22, p = .017, and with SOA, F(l, 105) = 89.86, p < .001. Validly cued targets were detected faster than invalidly cued targets (47 ms) at the short SOA, F(l, 105) = 134.49,p < .001, but not at the long SOA (-3 ms; F< 1). Finally, there was a significant Group X SOA X Cue interaction, F(2, 105) = 3.26, p -.042, indicating that cue validity effects varied across SOAs differently for the different groups. Planned comparisons to determine the effects of age and DAT on the cue validity effects are reported next.
Age and cue validity effects. The overall Group (young vs. healthy old) X SOA X Cue interaction approached significance, F( 1,74) = 3.69,p = .059. Younger and healthy older adults detected validly cued targets faster than invalidly cued targets at the short (100-ms) SOA, F(l, 74) = 93.61, p < .001. This cue validity effect increased with age (Ms = 26 and 57 ms for younger and healthy older adults, respectively; see Figure 2 ), F(l, 74) = 9.13, p = .003. Furthermore, both groups produced significant facilitatory cue effects at the short SOA (all Fs > 18, allps < .001). By contrast, both younger and healthy older adults detected invalidly cued targets faster than validly cued targets (i.e., inhibition of return; Ms = -13 and -7 ms for younger and healthy older adults, respectively) at the long (800-ms) SOA, F(l, 74) = 4.43, p = .039. The inhibition of return effect did not differ between groups (F < 1). However, when tested separately, the young group produced signifi- Note. SOA = stimulus onset asynchrony; DAT = dementia of the Alzheimer type. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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The fact that the test of the healthy old group in isolation did not yield significant inhibition of return should be viewed with caution because the power for detecting a 10-to 15-ms inhibition of return effect was approximately .50-.75. These results demonstrate clearly that both groups were able to take advantage of cues at the short SOA to improve detection of targets. Moreover, these results are consistent with the hypothesis that both younger and healthy older adults spontaneously reoriented attention back to fixation in the interval between the short and long SO As in a similar manner.
DAT and cue validity effects. The overall Group (healthy old vs. DAT) X SOA X Cue interaction was significant, F(l, 81) = 4.61, p = .035. As can be seen in Figure 2 , cue validity effects were reduced less across SOA for the individuals with DAT than for the healthy older adults. Both healthy older adults and individuals with DAT produced cue validity effects at the short SOA (Ms = 57 and 48 ms, respectively), which differed from zero in a combined analysis, F(l, 81) = 117.76, p < .001, and did not differ across groups (F < 1). By contrast, healthy older adults produced a 7-ms inhibition of return effect, whereas individuals with DAT produced a 12-ms cue validity effect (i.e., valid targets faster than invalid targets) at the 800-ms SOA. These opposing effects were marginally different, F(l, 81) = 3.51, p = .064. These results suggest that individuals with DAT were relatively unimpaired in their ability to automatically orient covert attention but that they did not reorient attention as much as the healthy older adults in the 800-ms interval tested.
General Slowing and Cue Validity Effects
The absolute size of the cue effects for an individual was related to his or her overall speed of response at the short SOA(r = .43), f(106) = 4.88, p < .001. Thus, differences in overall speed among participants might have influenced the results. To correct for possible distortions of the response latency scale due to individual or group differences in overall speed (e.g., Faust, Balota, & Ferraro, 1996; Spieler et al., 1996) , we divided each participant's condition medians by his or her overall mean. This transformation had the effect of scaling each individual's cue effect as a proportion of his or her overall mean. Cue validity effects, in terms of proportion of overall speed, are presented in Figure 3 .
The analysis of proportional cue effects "was essentially the same as that for the raw difference scores; therefore, only the analysis of raw latencies is presented fully. For example, the change in the proportional cue effect across SOAs for the DAT group (.077) was smaller than the change across SOAs for the healthy old group (.133) depicted in Figure 3 , F(l, 81) = 5.36, p = .023. However, there was one important difference between the analysis of median latencies and proportions. Although the Group (healthy old vs. DAT) X SOA X Cue interaction was significant in both the median latency and proportion analyses, the Group (young vs. healthy old) X SOA X Cue interaction that was marginally significant when median response latencies were considered was not significant when proportional cue effects were considered, F(l, 74) = 1.55, p = .217, indicating that both younger and healthy older adults produced similar reductions in cue effects across SOAs when proportional cue effects were considered. The age-related increase in cue effects at the short SOA remained significant in the analysis of proportions, F(l, 74) = 7.31, p = .008. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Figure 4 shows the proportion of eye movement errors as a function of group. Overall, the groups differed in the amount of errors made, F(2, 105) = 8.17,p < .001. Planned comparisons revealed age-related increases in eye movement errors, F(l, 74) = 6.62, p = .012, and DAT-related increases in eye movement errors, F(\, 81) = 5.43, p = .022.
Eye Movement Errors

Discussion
All groups produced reliable costs and benefits at the short SOA, reflecting the benefit to target detection of a valid cue and the cost to detection of an invalid cue. Although no reliable group differences emerged for costs or benefits considered in isolation, the cue validity effect (i.e., costs plus benefits) increased with age but not dementia. This finding is consistent with a previous report of an age-related increase in peripheral-cue validity effects using a detection task (i.e., Hartley & Kieley, 1995 , Experiment 1) but is inconsistent with the majority of studies that have reported no age-related differences in peripheral-cue effects but that have used discrimination tasks (e.g., Greenwood et al., 1993; Hartley et al., 1990) . It is unclear under what conditions age-related increases in peripheral-cue effects will be observed or what components (i.e., costs or benefits) are more affected. Our results were based on nonsignificant trends toward agerelated increases in both costs and benefits, which were statistically reliable only in an analysis of costs plus benefits.
Of greater interest was the extent to which cue validity effects decreased across SOAs and the extent to which inhibition of return emerged. The results are similar to those of previous studies (e.g., Posner & Cohen, 1984 found cue validity effects at the short SOA that declined across SOAs for all groups. Cue validity effects decreased similarly over the 700-ms interval between the 100-and the 800-ms SOA for the younger and healthy older adults. Furthermore, the young and healthy old groups did not differ in performance at the 800-ms SOA. Therefore, a conservative interpretation of these results would hold that both groups spontaneously reoriented attention over time similarly. In contrast to the equivalent spontaneous reorientation of attention with age, cue validity effects were reduced to a lesser extent for individuals with DAT than for healthy older adults across SOAs when botii raw latencies or proportions were considered. One potential explanation of this is that, as proposed by Parasuraman et al. (1992) , the early stages of DAT results in a deficit in the ability to disengage attention. If individuals with DAT find it harder to disengage attention, they also would be slower to reorient attention. However, a specific deficit in the ability to disengage covert attention from a location should have produced DAT-related increases in costs (e.g., , which were not observed in our results. (A breakdown in spontaneous reorientation in the absence of a stimulus [either cue or target] is not synonymous with a breakdown in the ability to disengage.) Spontaneous reorienting involves disengaging and shifting attention from one location to another and control mechanisms to initiate such operations in the absence of an external stimulus. Therefore, the results suggest that individuals with DAT are simply slower to spontaneously reorient in the absence of an exogenous stimulus to draw covert attention from a currently attended location.
Evidence of inhibitory breakdowns across groups was found in the analysis of eye movement errors. Participants in Experiment 1 were actually faced with two tasks. First, they were to detect targets while keeping their gaze fixated on a central location. However, given the reflexive nature of overt saccades toward objects that appear suddenly in the periphery (e.g., Rafal et al., 1991) , this amounted to requiring a second task of inhibition of normal reflexive saccades. Consistent with proposals of breakdowns in inhibitory mechanisms in healthy aging and DAT (e.g., Faust et al., in press; Hasher & Zacks, 1988) , failures to inhibit reflexive saccades increased both with age and DAT in Experiment 1. This result is consistent with studies demonstrating breakdowns in the control of eye movements in DAT (e.g., Fletcher & Sharpe, 1986) . Eye movement errors are discussed further in the General Discussion section.
Experiment 2
In Experiment 1, individuals with DAT were slower than healthy older adults to spontaneously reorient attention. This amounted to a change in the strategic control of processes leading to inhibition of return rather than any breakdown in the inhibitory mechanisms underlying inhibition of return. As discussed in the introduction, there is evidence to indicate that both age and DAT result in a general breakdown in inhibitory mechanisms (e.g., Balota & Duchek, 1991; Balota & Ferraro, 1993 , 1996 Faust et al., in press;  This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Figure 5 . Depiction of the displays and their timing for the single-and double-cue trials included in Experiment 2. Single-cue trials included a brightening of a peripheral box, and double-cue trials included both the brightening of a peripheral box followed by a brightening of the central box.
Hasher & Zacks, 1988; Sullivan et al., 1995) . Age-and DAT-related changes in inhibition of return would provide further evidence regarding general inhibitory breakdowns in these populations. On the other hand, preserved inhibition of return in healthy older adults and DAT individuals would support the view that the posterior attention system is relatively preserved in these populations and would provide information about the boundary conditions for inhibitory breakdowns.
To provide an explicit test of the inhibitory mechanisms underlying inhibition of return, we used a task previously reported by Posner et al. (1985; see also Rafal et al., 1989) in which a second exogenous cue was used to elicit reflexive reorienting of attention to central fixation. As in Experiment 1, participants fixated their gaze on a central location and detected the appearance of targets in one of two peripherally located boxes following a brightening of one of the two boxes (see Figure 5) . On half the trials, the target appeared shortly after the peripheral cue, just as in Experiment 1. However, on the other half of the trials, a second cue (i.e., the brightening of the centrally located box) was presented. On these double-cue trials, the target appeared in the previously cued location half the time (i.e., valid double-cue trials) and the side opposite the other half of the time (i.e., invalid double-cue trials).
The single-cue trials were predicted to yield a traditional cue validity effect, and the double-cue trials were predicted to yield a reversal of the cue validity effect (i.e., inhibition of return) because of attention being drawn back to the center by the second cue. Once attention was reflexively reoriented to the center, the natural tendency for previously attended locations to be inhibited should have become apparent in subsequent detection performance (Posner et al., 1985) .
Method Participants
Twenty-five young adults (aged 25 years or younger), 48 healthy old adults, and 52 individuals with DAT were recruited using the same procedures as in Experiment 1. Using die same inclusion and exclusion criteria for Experiment 1, we removed data from 1 healthy old adult and 9 individuals with DAT because more than 15% of their responses were deemed too slow for further analysis. The young group had a mean age of 19.3 years (SD = 1.3, range = 17-23), the healthy old group had a mean age of 77.3 years (SD = 9.6, range = 58-93), and the DAT group had a mean age of 73.4 years (SD = 8.9, range = 53-91).
Psychometric Test Performance
Eighty-eight of the 90 participants recruited from the ADRC whose response latency data met inclusionary criteria also participated in a 2-hr battery of psychometric tests designed to assess psychological functions, including language, memory, and intelligence. Table 3 shows the results of a subset of the tasks included in this battery as a function of group (i.e., healthy old or DAT). Because some participants did not finish some of the tasks, sample size varied somewhat across tasks. Memory was assessed using the WMS Associates subscale (paired-associates learning) and the Logical Memory subscale (surface-level story memory). General intelligence was measured with the Information and Digit Symbol subtests of the WAIS. Participants also completed the Word Fluency test, on which they were required to name as many words This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
as they could beginning with a specified letter (P or S) in a 60-s time period, and the Boston Naming Test. As shown in Table 3 , the performance of the DAT group was poorer than that of the healthy old group on all tests. Because the young were recruited from another source, they were not given the psychometric battery.
Materials and Design
The task used was similar to that of Posner et al. (1985; see also Rafal et al., 1989) . The apparatus and displays were identical to those of Experiment 1, with three important exceptions. First, the peripheral boxes were placed closer to the central fixation box (i.e., 5.75 cm or 4.4°, instead of 8.25 cm or 6.25°). We did this to reduce the number of eye movement errors made by the DAT group. Second, the central fixation cross was replaced by a central box identical to the peripheral boxes. The brightening of the central box in double-cue trials was accomplished in the same manner that peripheral boxes were brightened. Third, unlike in Experiment 1, the cues used in Experiment 2 were of a fixed duration (i.e., peripheral cues with a 200-ms duration, central cues with a 300-ms duration, and a 300-ms uncued intervening interval for double-cue trials). Half the trials contained a single cue, and the other half included two cues: the first peripheral and the second central. Figure 5 depicts the succession of events in the various conditions of Experiment 2.
For single-cue trials, there were six cue-target combinations: (a) valid right, both the cue and the target were on the right (37.5%; 54 observations); (b) valid left, both the cue and the target were on the left (37.5%; 54 observations); (c) invalid right, the cue was on the left and the target was on the right (6.25%; 9 observations); (d) invalid left, the cue was on the right and the target was on the left (6.25%; 9 observations); (e) neutral right, there was no cue and the target was on the right (6.25%; 9 observations); and (f) neutral left, there was no cue and the target was on the left (6.25%; 9 observations). Thus, the cue validity, based only on the single-cue trials, was 85.7%. For the double-cue trials, there were four equally likely cue-target conditions: valid right (36 observations), valid left (36 observations), invalid right (36 observations), and invalid left (36 observations). Validity for double-cue trials was determined by the location of the first (peripheral) cue. Each double-cue condition had three equally likely SOAs (800, 1,300, or 1,800 ms following the onset of the first cue). There were four blocks of 96 trials each. The first block was viewed as practice and was not analyzed.
Procedure
The procedure was similar to that of Experiment 1. Participants performed a practice block of 96 trials that contained all conditions in their proper proportions randomly intermixed. Overall task time was approximately 35-40 min and consisted of four blocks of 96 trials each, with short intervening breaks. Experiments 1 and 2 were included as part of two different experimental batteries that were conducted approximately 1 year apart. Figure 5 depicts the succession of events in the various conditions of Experiment 2. Each trial began with the onset of a basic display containing three boxes along the horizontal meridian. The onset of the first cue occurred 600 ms following onset of the three boxes (no cue was actually presented for neutral trials). The first cue lasted 200 ms. On half (he trials (i.e., single-cue trials), the target appeared at the offset of the first cue (i.e., an SOA of 200 ms) and remained visible until a response occurred or the 10-s display limit was reached, whichever came first. On the other half of the trials (i.e., double-cue trials), a second cue was presented in the center box 300 ms following the offset of the first cue. The second central cue lasted 300 ms. The target then appeared either at the offset of the second cue (i.e., an SOA of 800 ms, in which the SOA is measured from the onset of the first cue), 500 ms later (i.e., an SOA of 1,300 ms), or 1,000 ms later (i.e., an SOA of 1,800 ms) and remained until a response occurred or the 10-s display limit was reached, whichever came first. The screen was then blanked for a 1,000-ms intertrial interval. As in Experiment 1, responses longer than 2,000 ms (i.e., the timeout criterion) were considered outliers and were removed from further consideration in response latency analyses.
Results
As in Experiment 1, response latencies for trials on which an early response, a timeout, or a visible eye movement occurred were removed from further consideration. We then computed an overall mean and standard deviation for each participant and removed any responses greater than 2.5 SDs.
(The results on eye movement errors are discussed in more detail later.) The removal of early and timeout responses resulted in removal of 3.6%, 4.1%, and 5.5% of the experimental trials for the young, healthy old, and DAT groups, respectively. Using the remaining correct responses, we calculated the median for each participant in each experimental condition and submitted these values to further statistical analysis. Table 4 shows the mean and standard deviation of This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
General Analysis of Response Latencies
Single-Cue Trials
An analysis of the single-cue trials revealed that response latencies for valid trials were faster than for invalid trials, F(l, 112) = 101.36, p < .001. The cue validity effect was greater for the healthy old group (M = 32 ms) than for the young group (M = 12 ms), F(l, 70) = 5.79, p = .019, and greater for me DAT group (M = 53 ms) than for the healthy old group, F(l, 88) = 5.87,p = .017. There were no overall costs (i.e., invalid minus neutral trials), F(l, 112) = 1.26, p = .265, and no Group X Cost interaction, F(2, 112) = 2.17, p = .119. However, there were overall benefits (i.e., neutral minus valid trials), F(l, 112) = 94.59, p < .001, which interacted with group, F(2, 112) = 3.90, p = .023. Thus, the age-and DAT-related increases in costs plus benefits were carried mainly by differences in benefits.
Double-Cue Trials
In contrast to the results for the single-cue trials, response latencies for valid double-cue trials were slower than response latencies for invalid double-cue trials (i.e., an inhibition of return effect), F(l, 112) = 137.92, p < .001. The size of the inhibition of return effect varied across SOAs, F(2, 224) = 12.65, p < .001, but not age or DAT (all Fs < 1). A Newman-Keuls analysis revealed that the inhibition of return effect was greater for the 1,300-ms SOA (M = 37 ms) than for either the 800-ms SOA (Af = 21 ms), q(2, 220) = 5.38, p < .001, or the 1,800-ms SOA (M = 17 ms), #(3, 224) = 6.72, p < .001. The inhibition of return effect was reliable at the 1,300-ms SOA for the young, F(l, 24) = 111.56, p < . 001, healthy old, F(l, 46) = 49.54, p< .001, and DAT, F(l, 42) = 51.22, p < .001, groups (Ms = 35, 32, and 43 ms, respectively) . However, there was no modulation of the inhibition of return effect by group, F(2, 112) = 1.44, p = .240. Planned comparisons to determine the effects of age and dementia on the cue validity effects are reported next.
General Slowing and Cue Validity Effects
As in Experiment 1, we corrected for possible distortions of the response latency scale attributable to individual or group differences in overall speed by dividing each participant's condition medians by his or her overall mean. Cue validity effects, in terms of proportion of overall speed, are presented in Figure 7 . The analysis of proportional cue effects was essentially the same as that for the raw difference scores. Of particular interest is the fact that the age-related increase in cue effects for the single-cue trials remained significant, F(l, 70) = 5.92, p = .018, and that the DAT-related increase remained marginally significant, F(l, 88) = 3.84, p = .053. Moreover, each group still produced a reliable inhibition of return effect that did not differ reliably across groups. Figure 8 shows the proportion of eye movement errors as a function of group. Overall, the groups differed in the number of errors made, F(2,112) = 8.75,p < .001. Planned comparisons for age and DAT effects revealed that the young group made fewer eye movement errors than did the healthy old group, F(l, 70) = 4.63, p = .035, which made fewer eye movement errors than the DAT group, F(l, 88) = 8.25, p = .005. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
Eye Movement Errors
Discussion
The results of the single-cue conditions of Experiment 2 yielded no reliable costs. This was expected given the relatively automatic nature of the peripheral cue effects being tested, but it also might have been because the neutral condition contained no exogenous cue and therefore might have lacked a general alerting component that was present in the valid and invalid conditions. The neutral single-cue trials might have been slowed somewhat due to this lack of an alerting component, and therefore costs might have been underestimated.
The results for the younger adults are similar to those of previous studies (e.g., Posner et al., 1985) in that we found a cue validity effect for single-cue trials and inhibition of return for double-cue trials. There was a modest increase in the cue validity effect with age that remained even when overall speed was taken into account. Furthermore, the cue validity effect increased with DAT. The group differences in cue validity effects for single-cue trials were not, however, matched by differences in the inhibition of return effect for double-cue trials. This was somewhat surprising because decrements in inhibitory processing with age and DAT have been reported in the literature in a wide variety of paradigms (e.g., Balota & Duchek, 1991; Balota & Ferraro, 1993 ,1996 Butters et al., 1987; Faust et al., in press; Hamm & Hasher, 1992; Hartman & Hasher, 1991; Hasher et al., 1991; Loewenstein et al., 1991; Spieler et al., 1996; Sullivan et al., 1995) . However, our results regarding age are consistent with those of Hartley and Kieley (1995) , who also found no age differences in inhibition of return.
The lack of group differences in inhibition of return stand in contrast to the age-and DAT-related increases in failures to inhibit reflexive saccades to the periphery in Experiments 1 and 2. The inhibition of reflexive saccades is thought to be mediated by the frontal lobes (e.g., Roberts, Hager, & Heron, 1994) . Consequently, increases in die failure to inhibit reflexive saccades with age and DAT in the presence of equivalent, more posteriorly mediated inhibition of return in these groups suggest that frontal systems, associated with more controlled aspects of inhibitory function, are differentially impaired in these groups, A potential counterargument would be that individuals with DAT, and perhaps even healthy older adults, either have more difficulty allocating cognitive resources to the inhibition of reflexive saccades or simply have more difficulty keeping this task demand active in working memory. Either way, such a view would still fit with the more general view of breakdowns in the higher order control of inhibitory processing.
General Discussion
Our experiments yielded five basic results. First, individuals with DAT were slower than healthy older adults to spontaneously reorient attention in the absence of a second exogenous cue in Experiment 1. Because inhibition of return requires orientation of attention away from a location, these results suggest that individuals with DAT will be slower to produce inhibition of return effects. However, because the size of the cue validity effect did not reach a stable asymptote by the 800-ms SOA for the individuals with DAT, the results of Experiment 1 do not bear on the question of the relative preservation of the processes underlying inhibition of return in DAT. Second, the results of Experiment 2 clearly yield equivalent inhibition of return in healthy younger and older adults and individuals with DAT under conditions of extrinsically driven reorienting (i.e., a second exogenous cue). Third, overall cue validity effects (i.e., costs plus benefits) increased with age in both experiments and with DAT in Experiment 2. Fourth, the results of both experiments indicate that controlled inhibition of reflexive eye movements was impaired in healthy older adults and individuals with DAT. Finally, although both healthy older adults and individuals with DAT demonstrated a bias for targets appearing in the right visual henufield to be detected faster than those appearing the left visual hemifield in both Experiments 1 and 2, younger adults did not.
Inhibition in DAT and Healthy Aging
A major goal of the current research was to explore inhibitory processes at a lower level in the cognitive system than have been probed by previous researchers reporting inhibitory deficits in healthy aging (e.g., Duchek et al., 1995; Hamm & Hasher, 1992; Hartman & Hasher, 1991; Spieler et al., 1996) and in DAT (e.g., Balota & Duchek, 1991; Spieler et al., 1996; Sullivan et al., 1995) . Inhibition of return reflects a bias against reorienting attention to a previously attended location and is involved in the selective filtering of information early in the visual system. Furthermore, inhibition of return is associated with the posterior visuospatial attention system underlying overt and This document is copyrighted by the American Psychological Association or one of its allied publishers.
covert orienting of visuospatial attention (e.g., Clohessy et al., 1991; Posner et al., 1985; Rafal et al., 1989 Rafal et al., , 1991  however, see Johnson, 1990 , for a discussion of possible frontal mediation of overt and covert attention). Therefore, the finding of equivalent inhibition of return effects for individuals with DAT, healthy older adults, and younger adults in Experiment 2 supports the idea that there is a relative preservation in healthy aging and DAT of inhibitory mechanisms associated with the posterior attention system that are responsible for early filtering of information. The equivalent inhibition of return effects observed across groups in Experiment 2, presumably reflecting equivalent filtering of previously attended locations early in the information-processing system, stand in contrast to age-and DATrelated breakdowns in the inhibitory mechanisms associated with selection for action. For example, Spieler et al. (1996) found that healthy older adults and individuals with DAT experienced more interference while performing the Stroop color naming task (Stroop, 1935) . The Stroop color naming task emphasizes selection of an attribute of a word (i.e., its color) to drive the appropriate response. The ability to control interference from the to-be-ignored word identity in the Stroop task has been tied to the frontal lobe and the anterior attention system (e.g., Corbetta et al., 1993; Dempster, 1992; Lezak, 1995; Pardo et al., 1990) .
Of further interest was the finding of both age-and DAT-related increases in the failure to inhibit reflexive eye movements in response to peripheral cues. Individuals with DAT have been found to be deficient at inhibiting reflexive overt saccades in response to peripheral stimulation (e.g., Fletcher & Sharpe, 1986) . Roberts et al. (1994) recently proposed that breakdowns in the ability to inhibit reflexive saccades are indicative of a more general breakdown (presumably associated with the frontal lobes) in the ability to deactivate response alternatives that become activated in working memory relatively automatically. Therefore, the finding of equivalent inhibition of return in DAT and healthy aging in Experiment 2 suggests that inhibitory breakdowns in these groups are associated more with the anterior attention system and top-down control of processes associated with the control of a response (i.e., selection for action and the inhibition of prepotent responses) than with the posterior attention system associated with the early filtering of information from to-be-ignored locations. The current results also are consistent with proposals that inhibitory deficits observed in healthy aging most likely do not reflect a breakdown in a single global inhibitory ability (e.g., Kramer, Humphrey, Larish, & Logan, 1994) .
Age and Cue Validity Effects
Although the results of Experiment 2 regarding inhibition of return suggest that inhibitory mechanisms associated with the posterior attention system are relatively unimpaired in healthy aging, the results from the single-cue trials in Experiment 2 and from the short SOA in Experiment 1 do exhibit age-related changes in covert orienting. Healthy older adults produced cue effects that were larger than those produced by younger adults in both experiments, even after overall differences in speed were controlled. Because there were no age-related increases in costs or benefits alone in Experiment 1, and no groups produced reliable costs in Experiment 2, there is no evidence of specific components underlying the current findings of age-related increases in costs plus benefits.
However, our results are consistent with the results of several studies in the literature demonstrating that agerelated increases in overall cue effects likely are to be found during simple detection tasks (e.g., Hartley & Kieley, 1995, Experiment 1; cf. Robinson & Kertzman, 1990 , for a counterexample, but with only 7 older adults), but not during discrimination tasks Hartley & Kieley, 1995, Experiment 2; Hartley et al., 1990, Experiment 3) . The increased likelihood of finding age-related increases in overall cue effects for detection tasks may be related to age-related breakdowns in the localization of targets during visual search (e.g., Plude & Doussard-Roosevelt, 1989) . From this perspective, the current finding of age-related increases in peripheral cue effects likely is due to a breakdown in the posterior attention system that results in a reduced ability to localize objects as they appear in the visual field. It remains to be seen whether the pattern emerging in the literature of age-related changes in peripheral cue effects using detection but not discrimination tasks will hold up under more direct examination. Furthermore, the reason for such a distinction remains unclear. One possible explanation is that relatively small age-related differences in detection performance may be masked during the later, more variable stages of processing required for discrimination.
DAT and Cue Validity Effects
In contrast to the age-related increases in the overall cue validity effect (i.e., costs plus benefits) in Experiments 1 and 2, there were DAT-related increases in the overall cue validity effects only in Experiment 2. One possible explanation for this DAT-related increase in overall cue validity effects in Experiment 1, but not Experiment 2, comes from a consideration of task differences between the two experiments interpreted relative to the findings of Parasuraman et al. (1992) . Parasuraman et al. found that individuals with DAT produced a cue validity effect that was approximately twice that of healthy older adults at a 200-ms SOA using a discrimination task and peripheral cues. A closer consideration of the single-cue condition of Experiment 2 reveals that even though participants were asked to simply detect a target following a cue, they still had to discriminate whether the nsxt luminance change was in actuality a target or a second cue of a double-cue trial. Thus, because of random intermixing of the single-and double-cue trial types in Experiment 2, single-cue trials had a discrimination component. Our results are therefore consistent with those of Parasuraman et al. (1992) in that when task demands emphasized discrimination of targets from cues, DATrelated increases in the overall cue validity effect were observed. This document is copyrighted by the American Psychological Association or one of its allied publishers.
DAT and Disengaging Visuospatial Attention
As discussed earlier, Parasuraman et al. (1992) found that under conditions of a 200-ms SOA, peripheral cues, and a discrimination task, the cue validity effect for individuals with DAT was larger than that for healthy older adults. Furthermore, this increased cue validity effect was correlated (r = -.54) with cerebral hypometabolism in the superior parietal area in the individuals with DAT. Because the parietal lobes have been associated with the component process of disengagement of visuospatial attention from a particular location , and because Parasuraman et al. also found dementia-related increases in costs but not in benefits, Parasuraman et al. proposed a disengagement deficit for DAT. However, using a detection task, we found no group differences in costs in Experiment 1 and no reliable costs for any group in Experiment 2. The current results therefore are consistent with proposals that individuals with DAT will produce increased overall cue validity effects when a target discrimination is required, but this will not always be accompanied by an increase in costs.
Age and Detection Asymmetry
Experiments 1 and 2 both yielded an unexpected agerelated difference in detection asymmetry. Whereas younger adults detected targets equally well in both visual hemifields, older adults detected targets faster when presented in the right visual hemifield than in the left visual hemifield. Moreover, individuals with DAT did not differ from healthy older adults in this respect. Robinson and Kertzman (1990) also reported an age-related increase in the lateral asymmetry of the detection of targets during a peripheral cuing experiment. The current results are consistent with two interrelated proposals in the literature. First, several studies have shown greater age-related declines in scores on psychometric tests thought to rely primarily on right rather than left hemisphere function (e.g., Goldstein & Shelly, 1981; Klisz, 1978) , and therefore it has been suggested that the right hemisphere may age more rapidly than the left. However, studies directly examining perceptual field asymmetries using brief presentation of targets at lateral locations have shown little evidence in support of such a claim (e.g., Cherry, Hellige, & McDowd, 1995; Hoyer & Rybash, 1992; Nebes, Madden, & Berg, 1983) . However, none of these studies used simple detection as a task. Second, there is evidence in the literature for an age-related decline in the efficiency of the interhemispheric transfer of information (e.g., Moes, Jeeves, & Cook, 1995) . Furthermore, studies examining age-related changes in the structure of the corpus callosum have indicated decreases in callosal area or length (e.g., Hayakawa, Konishi, Matsuda, Kuriyama, & Konishi, 1989) . Therefore, another possible explanation of the agerelated detection asymmetry in our results is that the transfer of information from the right hemisphere to the left hemisphere (required for the right hand to respond to targets presented in the left visual field) slows with age.
One way to differentiate between these two hypotheses would be to have participants respond with both their left and right hands. If the interhemispheric transfer hypothesis is correct, older adults should show a reversal in the detection asymmetry when responding with their left hand (i.e., right visual field targets responded to more slowly) because the hemisphere controlling response had shifted. The right hemisphere aging hypothesis would predict little or no change in detection asymmetry as a function of response hand. Therefore, given that we did not have participants use their left hands to respond, both explanations fit our results equally well.
Local Versus Global Cortical Integrity and Inhibition
Finally, one important way theories of cognitive neuroscience vary is in how diffusely elementary cognitive operations are proposed to be distributed in the central nervous system (Mesulam, 1981 (Mesulam, , 1990 Posner, 1988; Posner, Petersen, Fox, & Raichle, 1988) . Parasuraman and Nestor (1993) recently argued for the possibility that "some cognitive operations operate normally in the AD [Alzheimer's disease] brain because they are subserved by localized neural modules that are not affected markedly by pathological processes that affect communication between modules" (p. 98). They based this argument on the results of several recent studies indicating that the pathology in DAT is regionally systematic (Damasio, Van Hoesen, & Hyman, 1990; Kemper, 1984) and can be characterized as a cortical disconnection syndrome in which corticocortical connections are particularly disrupted (Morrison et al., 1990) . From this perspective, inhibitory processes that rely heavily on subcortical computations, as location-based inhibition of return seems to, may be more likely to be relatively well preserved in DAT than are inhibitory processes that rely on distributed computations among a wide range of cortical maps.
